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Advantages of hydrothermal synthesis...

e Made in water

e Precursors are ‘reasonable’
e economical

e Not airborne

e Dispersed

e Pre-Formulated

e Potentially continuous
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2. The development of
hydrothermal technology
‘Hatching’
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The Continuous Hydrothermal Synthesis Process

Heated Fluid
Stream

ML, + xXOH™ = M(OH), + xL" (Hydrolysis step)

M(OH), = MO, , + x/2H,0 (Dehydration step)
i I 1 P /H' /C:‘ P r—tl |
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Distribution of mixing is very
poor

Dominant mixing and
therefore reaction within the
Metal Salt inlet

Sucrose
(Pseudo- metal salt)

(Pseudo- scH,O’

Methylene Blue Dye Concentration / ppm
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Why is it so difficult?

3

H V°

Reynolds number Grashof number
Inertia Forces _ Bouyancy Forces
Re = Gr=—:
Viscous Forces Viscous Forces

The model is run at flowrates than give identical Reynolds Numbers to that of exhibited
in the SWHS Rig



Branch

45°

Y-piece

T-piece

“Spiral 1”



TIA
Advances

Design takes advantage of the density
differential between to the two
reactants to create an ideal mixing
environment

Strong downstream macro-eddies are
generated and these aid the rapid
transportation of particles out of the
reactor. Thus, minimising the particle
growth and accumulation within the
reactor




Promethean Particles
A spin-out from:

r The University of
' | Nottingham

e

We use a patent protected process:

continuous hydro- /solvo-thermal synthesis

To offer a two stage solution

1. design and development (feasibility studies)

2. production (scale-up manufacture)
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Prometheus?

In Greek mythology
Prometheus is a Titan
known for his wily
intelligence, who stole
fire from Zeus and gave it
to mortals for their use...
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NANOTECHNOLOGY
An enabling technology...

We recognise that every application of
nanoparticles is unigue and requires a tailor-
made material to achieve optimum results,
that’s why we work with our customers to
develop the materials they need
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Our technology has a wide variety Advantages

e . -
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Product control
e Particle size
e Particle size distribution
e Morphology
Dispersed product for easy formulation

Continuous process allowing scale-up



An enabling technology...
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2.

W

Particle size control
e No tail end on PSD, close to monosize?

Formulation

e Coating or capping particles ready for use, for
phase transfer

Cralo | up
LU I\ rJ

e g/sper hour to kg’s-ton’s per year
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Control over Size
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‘ Silver: Ag

v Control of
particle stability in
solution
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Control over morphology
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Formulation
‘matching’
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Capping and Formulation







Capping Online

We can cap with organic ligands to either transfer into
4@ an organic phase, or to polymerise out the product

T4




3. Scaling up the technology



Pilot scale reactor (kg’'s/day)



Average particle size (nm)

Scalability and Operational Parameters...
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Lab scale reactor
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Lab scale reactor Pilot scale reactor
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2"d generation materials and
applications
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e Promethean Particles is able to manufacture
dispersed, formulation, high quality
nanomaterials — (g’s-kg’s-tn’s/annum scale)

* \We create nanomaterials for the each
application in order to maximise the chances
of successful implementation
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